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(54) Optical device for photomagnetic recording, ueed in a recording/reproducing apparatus 

(57) An optical device is provided which has a light 
converging unit (41 , 42) for converging the light illumi- 
nated on a magneto-optical recording layer (2a) of an 
optical recording medium (2) and a magnetic field gen- 
erating unit provided on the light converging unit (41, 
42) towards the optical recording medium (2). The di- 
ameter of the light beam radiated on the magneto-opti- 
cal recording layer (2a) of the optical recording medium 
(2) is controlled by a light transmitting hole of the mag- 
netic field generating unit. The light beam illuminated on 
the magneto-optical recording layer (2a) of the optical 
recording medium (2) is not fluctuated in diameter so 
that it is possible to produce a magnetic field at a low 
power consumption. In addition, the magnetic field gen- 
erating unit is not liable to be ruptured. There is also 
provided a recording and/or reproducing apparatus em- 
ploying this optical device. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to an optical device for 
photomagnetic recording used in a recording/reproduc- 
ing apparatus for recording or reproducing information 
signals for an optical recording medium, such as a mag- 
neto-optical disc. The present invention also relates to 
an optical device and an optical head recording and/or 
reproducing apparatus employing this optical device. 

Description of the Related Art 

[0002] I n an optical disc device for recording or repro- 
ducing information signals for a magneto-optical disc as 
a recording medium, there has been recently proposed 
an optical disc device in which an optical system is pro- 
vided towards the photomagnetic recording layer of the 
magneto-optical disc to increase the numerical aperture 
to achieve high density recording and in which the opti- 
cal system is unified to a magnetic coil to realize the 
reduced thickness of the device. 
[0003] This optical disc device uses an optical device 
100 having two lenses, shown in Fig. 1, as an objective 
lens for the optical head. 

[0004] In the present optical device 100, one of the 
two lenses towards a magneto-optical disc 1 01 is a sem- 
ispherical lens. This lens towards the magneto-optical 
disc 101 is termed herein as a forward lens 102 and the 
other lens is termed herein as a backward lens 103. On 
a spherically -shaped surface 102a of the forward lens 
102 is formed a thin film coil 104. 
[0005] The optical device 1 00 is configured so that the 
light radiated from a light source to fall on the optical 
device 100 is converged by the backward lens 103 and 
the forward lens 1 02 to pass through a center hole (light 
transmitting hole 104a) of the thin film coil 104 so as to 
be illuminated on the photomagnetic recording layer of 
the magneto-optical disc 101. 

[0006] The optical device 100 is also configured so 
that the thin film coil 104 generates a magnetic field cor- 
responding to recording signals fed from a predeter- 
mined device to apply this magnetic field at a position 
of the photomagnetic recording layer of the magneto- 
optical disc 101 illuminated by the light. 
[0007] Meanwhile, the optical device 100, used in the 
conventional optical disc device, is configured so that 
the light converged by the backward lens 103 and the 
forward lens 102 is caused to pass through the center 
hole (light transmitting hole 1 04a) of the thin film coil 1 04 
so as to be illuminated on the photomagnetic recording 
layer of the magneto-optical disc 101 . 
[0008] With the optical device 1 00, the diameter of the 
light transmitting hole 1 04a of the thin film coil 1 04 is set 
so that, if a pre-set amount of eccentricity of light from 



the center axis due to levelling of the optical axis or the 
assembling error is produced, the light illuminated on 
the photomagnetic layer of the magneto-optical disc 101 
is not kicked by the thin film coil 104. 

s [0009] That is, with this optical device 100, there are 
occasions wherein, due to the assembling error or tilt 
caused during the operation, the optical axis is tilted by 
approximately 5 mrad at the maximum, as shown in Fig. 
2A. Due to this levelling of the optical axis, there are 

10 occasions wherein the center of light converged by the 
backward lens 103 and the forward lens 1 02 is offset by 
approximately 20 ^m from the center axis of the optical 
device 100. 

[0010] Also, in the present optical device 100, there 
are occasions wherein, due to the assembling error 
within the assembling tolerance, the center of the light 
converged by the backward lens 103 and the forward 
lens 102 is offset by approximately 10 urn from the cent- 
er axis of the optical device 100. 
[0011] If the light converged by the backward lens 103 
and the forward lens 1 02 is offset from the center axis 
of the optical device 100, and the diameter of the light 
transmitting hole 104a of the thin film coil 104 is small, 
there are occasions wherein the light is not transmitted 
optimally through the tight transmitting hole 104a of the 
thin film coil 104 but is partially kicked by the thin film 
coil 104 to produce variations in diameter 
[001 2] If the light illuminated on the photomagnetic re- 
cording layer of the optical recording medium 101 un- 
dergoes variations in the diameter, optimum playback 
signals or control signals cannot be produced. 
[0013] Thus, if, with the optical device 100, used in 
the conventional optical disc device, the light transmit- 
ting hole 104a of the thin film coil 104 is increased in 
diameter, as shown in Fig.2B, so that, even if a pre-set 
amount of eccentricity is produced due to the levelling 
of the optical axis or the assembling error, there will be 
no risk of the light illuminated on the photomagnetic re- 
cording layer of the magneto-optical disc 101 being 
kicked by the thin film coil 104. 
[0014] However, if the light transmitting hole 104a of 
the thin film coil 104 of the optical device 100 is of a 
larger diameter, an extremely large current needs to be 
sent to the thin film coil 104 in order to generate a mag- 
netic field required during recording, thus increasing the 
power consumption. Moreover, heat evolution in the thin 
film coil 104 is increased to cause rupture of the thin film 
coil 104. 

[0015] In addition, in the optical device 100 used in 
the above-described conventional optical disc device, 
the forward lens 1 02 is formed of a glass member having 
a thermal conductivity as low as approximately 0.55 to 
0.75 W/nrvK. With the optical device 100, the thin film 
coil 104 is directly formed on the circular surface 102a 
of the forward lens 102 formed by the glass member. 
[0016] Thus, with the present optical device 100, 
since the thin film coil 104 is in a thermally insulated 
state, there are occasions wherein the heat evolved in 
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the thin film coil 104 is stored in the thin film coil 104 
itself without being transmitted to the forward lens 102. 
[0017] Even if the forward lens 1 02 is formed of quartz 
glass, the heat evolved in the thin film coil cannot be 
released sufficiently because the thermal conductivity 
of the quartz glass is of the order of 1 .0 to 2.0 W/m-K. 
[0018] If the thin film coil 1 04 is in the thermally insu- 
lated state, and the heat generated in the thin film coil 
104 is stored in the thin film coil 104 itself, the magnetic 
field generation efficiency from the thin film coil 104 is 
lowered especially in case of high modulation frequen- 
cy, while there is also a risk of firing of the thin film coil 
104 itself. 

[0019] In addition, in the optical device 100 used in 
the above-described conventional optical disc device, 
the diameter of the light transmitting hole 104a of the 
coil 104 is desirably set to a smaller value in order to 
realize high NA and in order to apply the magnetic field 
to the photomagnetic recording layer of the magneto- 
optical disc 101 efficiently with small power consump- 
tion. It has however been difficult with the above-de- 
scribed optical device 100 to reduce the diameter of the 
light transmitting hole 1 04a of the coil 1 04. 
[0020] That is, the coil 104 of the optical device 100 
has a spirally shaped thin-film coil, the outer periphery 
of which is connected to an electrode used for supplying 
the driving current to the coil 1 04 and the inner periphery 
of which is connected to a lead-out line provided be- 
tween the thin film coil and the forward lens 102. This 
lead-out line is connected to the other electrode to sup- 
ply the driving current to the coil 104. 
[0021] Thus, in the present optical device 100, the 
thickness of the coil 1 04 is equal to the sum of the thick- 
ness of the thin film coil and that of the lead-out line. 
[0022] There is also proposed an optical device hav- 
ing a coil structure in which athin film coil is of two layers, 
the outer periphery of the upper layer coil is connected 
to an electrode, the outer rim of the lower layer coil is 
connected to the opposite side electrode and in which 
the inner periphery of the upper layer coil is connected 
to the inner periphery of the lower layer coil. In this op- 
tical device structure, the thickness of the coil structure 
is the sum of the thicknesses of the upper layer coil and 
the lower layer coil, such that the thickness of the coil 
104 cannot be reduced beyond a certain limit value. 
[0023] If, in the optical disc device employing this type 
of the optical device, the coil 104 of the optical device 
100 is of a larger thickness, it is necessary to increase 
the distance d between the surface of the magneto-op- 
tical disc 101 and the forward lens 102 shown in Fig.3. 
[0024] That is, if the coil 104 is of a larger thickness, 
the distance between the coil 104 and the magneto-op- 
tical disc 101 (working distance WD) needs to be of a 
certain fixed value in order for the coil 104 not to collide 
against the surface of the magneto-optical disc 101. 
Thus, while the distance d between the surface of the 
magneto-optical disc 101 and the forward lens 102 is 
increased if the coil 104 is of a larger thickness, the di- 



ameter $ of the light transmitting hole 104a of the thin 
film coil 104 of the optical device 100 needs to be in- 
creased in order to realize a large value of NA if the dis- 
tance cf between the surface of the magneto-optical disc 
5 101 and the forward lens 102 is of a large value. 

[0025] Specifically, the diameter <j> of the light trans- 
mitting hole 104a of the thin film coil 104 depends on 
the distance d between the surface of the magneto-op- 
tical disc 101 and the forward lens 1 02, as shown by the 
following equation (1): 

0 >2(Uan(ei) + d.tan(e2)) (1) 

where 01 is an angle of incidence of light transmitted 
through a cover glass 1 06 provided on a photomagnetic 
recording layer 1 05 of the magneto-optical disc 101 and 
illuminated on the photomagnetic recording layer 105. 
This angle of incidence 61 is represented by the follow- 
ing equation (2): 

81 =sin* 1 (NA/ns) (2) 

where ns is the refractive index of the cover glass 106. 
With the optical device 100,the 
angle of incidence 61 is set to approximately 34° to re- 
alize high NA. 

[0026] Meanwhile, 02 is the angle of incidence of light 
on the cover glass 106. This angle of incidence 62 is 
expressed by the following equation (3): 

02 = sin" 1 (NA) (3) 

[0027] in the optical device 100, the angle of inci- 
dence 62 is set to approximately 58° to realize high NA. 
[0028] Meanwhile, t is the thickness of the cover glass 
106 which is set to a preset value to realize high NA. 
[0029] If, in the optical device 100, the diameter <(> of 
the light transmitting hole 104a of the coil 104 is in- 
creased, an extremely large current needs to be sup- 
plied to the coil 104, thus increasing the power con- 
sumption. Moreover, heat evolution in the coil 104 is in- 
creased to cause rupture of the coil 1 04 from time to 
time. 

SUMMARY OF THE INVENTION 

[0030] It is therefore an object of the present invention 
to provide an optical device for photomagnetic recording 
in which the light illuminated on the photomagnetic re- 
cording layer of the optical recording medium is not var- 
ied in diameter to generate the magnetic field efficiently 
with low power consumption without enlarging the light 
transmitting hole of the magnetic field generating means 
to suppress rupture of the magnetic field generating 
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means, and a recording and/or reproducing apparatus 
employing this optical device. 
[0031] It is another object ot the present invention to 
provide an optical device for photomagnetic recording 
in which the heat evolved in the thin film coil is effectively 
released to suppress low efficiency in magnetic field 
generation and to prevent firing of the thin film coil, and 
a recording and/or reproducing apparatus employing 
this optical device. 

[0032] It is yet another object of the present invention 
to provide an optical device in which high NA and sup- 
pression of coil rupture can be realized and in which a 
magnetic field can be applied efficiently on the pho- 
tomagnetic recording layer of the optical recording me- 
dium with low power consumption, and a recording and/ 
or reproducing apparatus employing this optical device. 
[0033] In one aspect, the present invention provides 
an optical device for photomagnetic recording including 
light converging means for converging the light illumi- 
nated on a photomagnetic recording layer of an optical 
recording medium, and 

magnetic field generating means provided on the light 
converging means for facing the optical recording me- 
dium. The magnetic field generating means has a light 
transmitting center hole for transmitting the light con- 
verged by the light converging means, and the diameter 
of light illuminated on the photomagnetic recording layer 
of the optical recording medium is controlled by the light 
transmitting center hole of the magnetic field generating 
means. 

[0034] The light incident on the photomagnetic re- 
cording optical device is first converged by light con- 
verging means. The light converged by the light con- 
verging means is transmitted through the light transmit- 
ting means of the magnetic field generating so as to be 
illuminated on the photomagnetic recording layer of the 
optical recording medium. The diameter of the light illu- 
minated on the photomagnetic recording layer of the op- 
tical recording medium is controlled by the light trans- 
mitting hole of the magnetic field generating means to 
determine the numerical aperture (NA). 
[0035] During recording, the magnetic field generat- 
ing means applies the magnetic field of a pre-set 
strength on an area of the photomagnetic recording lay- 
er illuminated by light. 

[0036] In another aspect, the present invention pro- 
vides a recording and/or reproducing apparatus includ- 
ing rotational ly driving means for rotationally driving an 
optical recording medium having a photomagnetic re- 
cording layer, a light source for radiating the light to- 
wards a photomagnetic recording layer of the optical re- 
cording medium, 

an optical device arranged on the optical path of the light 
radiated from the light source, light receiving means for 
receiving the light reflected back from the photomagnet- 
ic recording medium of the optical recording medium 
and a signal processing circuit for generating preset sig- 
nals based on the return light received from the light re- 



ceiving means. The optical device includes light con- 
verging means for converging the light illuminated on a 
photomagnetic recording layer of an optical recording 
medium, and magnetic field generating means provided 

5 on the light converging means for facing the optical re- 
cording medium. The magnetic field generating means 
has a light transmitting center hole for transmitting the 
light converged by the light converging means. The di- 
ameter of light illuminated on the photomagnetic record- 

10 ing layer of the optical recording medium is controlled 
by the light transmitting hole of the magnetic field gen- 
erating means. 

[0037] In this recording and/or reproducing appara- 
tus, the light emitted by the light source is converged by 

is light converging means of the optical device to traverse 
the light transmitting hole of the magnetic field generat- 
ing means so as to be illuminated on the photomagnetic 
recording layer of the optical recording medium rotation- 
ally driven by rotationally driving means. At this time, the 

20 diameter of the light illuminated on the photomagnetic 
recording layer of the optical recording medium is con- 
trolled by the light transmitting hole of the optical record- 
ing medium to determine the numerical aperture. The 
magnetic field generating means applies a magnetic 

25 field of a preset strength on a site of the photomagnetic 
recording layer of the optical recording medium illumi- 
nated by light to record preset information signals on the 
optical recording medium. 

[0038] With the present recording and/or reproducing 
30 apparatus, the light radiated from the light source is con- 
verged by the light converging means of the optical de- 
vice during reproduction totraverse the light transmitting 
hole of the magnetic field generating means layer of the 
optical recording medium rotationally driven by rotation- 
's ally driving means. At this time, the diameter of the light 
illuminated on the photomagnetic recording layer of the 
optical recording medium is controlled by the light trans- 
mitting hole of the optical recording medium to deter- 
mine the numerical aperture. The return light reflected 
40 by the photomagnetic recording medium is received by 
the light reception and thence supplied to the signal 
processing circuit to generate playback signals and con- 
trol signals. 

[0039] In a further aspect, the present invention pro- 
4S vides an optical device for photomagnetic recording in- 
cluding an objective lens for converging the light illumi- 
nated on the photomagnetic recording layer of an optical 
recording medium, a coil supporting substrate formed 
by a member having a thermal conductivity higher than 
50 that of the objective lens, and a thin film coil formed on 
a surface of the coil supporting substrate facing the op- 
tical recording medium. The coil supporting substrate is 
provided towards the optical recording medium of the 
objective lens. 

55 [0040] In this optical device, the objective lens con- 
verges the light to be illuminated on the photomagnetic 
recording layer of the optical recording medium to illu- 
minate the converged light on the photomagnetic re- 
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cording layer 

[0041] Also, in this optical device, the thin film coil ap- 
plies the magnetic field of a preset strength during re- 
cording on a site of the photomagnetic recording layer. 
At this time, heat generated in the thin film coil is trans- 
mitted to and absorbed by the coil supporting substrate. 
[0042] In a further aspect, the present invention pro- 
vides an optical device for photomagnetic recording in- 
cluding a plurality of lenses arranged on an optical path 
of light illuminated on a photomagnetic recording layer 
of an optical recording medium, 
and a thin film coil arranged on a surface of the lens 
arranged towards the optical recording medium facing 
the optical recording medium. One of the plural lenses 
arranged towards the optical recording medium is 
formed by a member having a thermal conductivity high- 
er than that of the other lenses 
[0043] In this optical device, the plural lenses con- 
verge the light illuminated on the photomagnetic record- 
ing layer of the optical recording medium to illuminate 
the converged light on the photomagnetic recording me- 
dium. 

[0044] Also, in this optical device, the thin film coil ap- 
plies the magnetic field of a preset strength during re- 
cording on a site of the photomagnetic recording layer. 
At this time, heat generated in the thin film coil is trans- 
mitted to and absorbed by one of the plural lenses ar- 
ranged towards the optical recording medium. 
[0045] In a further aspect, the present invention pro- 
vides a recording and/or reproducing apparatus includ- 
ing rotational ly driving means for rotationally driving an 
optical recording medium having a photomagnetic re- 
cording layer, a light source for radiating the light to- 
wards a photomagnetic recording layer of the optical re- 
cording medium, an optical device arranged on the op- 
tical path of the light radiated from the light source, light 
receiving means for receiving the light reflected back 
from the photomagnetic recording medium of the optical 
recording medium, and a signal processing circuit for 
generating preset signals based on the return light re- 
ceived from the light receiving means. The optical de- 
vice includes an objective lens for converging the light 
radiated from the light source, a coil supporting sub- 
strate formed by a member having a thermal conductiv- 
ity higher than that of the objective lens, and a thin film 
coil formed on a surface of the coil supporting substrate 
facing the optical recording medium. The coil supporting 
substrate is formed on the side of the objective lens fac- 
ing the optical recording medium. 
[0046] With the present recording and/or reproducing 
apparatus, the light radiated from the light source is con- 
verged during recording by the objective lens of the op- 
tical device so as to be illuminated on photomagnetic 
recording layer of the optical recording medium run in 
rotation by the rotationally driving means. The thin film 
coil of the optical device applies a magnetic field of a 
preset strength on the site of the photomagnetic record- 
ing layer of the optical recording medium illuminated by 



the light to record preset information signals on the op- 
tical recording medium. 

[0047] At this time, heat generated in the thin film coil 
is transmitted to and absorbed by the coil supporting 
5 substrate. 

[0048] Also, in the present recording and/or reproduc- 
ing apparatus, the light radiated from the light source is 
converged by the objective lens of the optical device so 
as to be illuminated on the photomagnetic recording lay- 
er of the optical recording medium run in rotation by the 
rotationally driving means. The return light reflected 
from the photomagnetic recording layer of the optical re- 
cording medium is received by light reception means 
and thence supplied to the signal processing circuit to 
generate preset signals. 

[0049] In a further aspect, the present invention pro- 
vides a recording and/or reproducing apparatus includ- 
ing rotationally driving means for rotationally driving an 
optical recording medium having a photomagnetic re- 
cording layer, a light source for radiating the light to- 
wards a photomagnetic recording layer of the optical re- 
cording medium, an optical device arranged on the op- 
tical path of the light radiated from the light source, light 
receiving means for receiving the light reflected back 
from the photomagnetic recording medium of the optical 
recording medium, and a signal processing circuit for 
generating preset signals based on the return light re- 
ceived from the light receiving means. The optical de- 
vice includes a plurality of lenses arranged on an optical 
path of light radiated from the light source, and a thin 
film coil arranged on a surface of the lens arranged to- 
wards the optical recording medium facing the optical 
recording medium. One of the plural lenses arranged 
towards the optical recording medium is formed by a 
member having a thermal conductivity higher than that 
of the other lenses. 

[0050] With the present recording and/or reproducing 
apparatus, the light radiated from the light source is con- 
verged during recording by the plural lenses of the op- 
tical device so as to be illuminated on photomagnetic 
recording layer of the optical recording medium run in 
rotation by the rotationally driving means. The thin film 
coil of the optical device applies a magnetic field of a 
preset strength on the site of the photomagnetic record- 
ing layer of the optical recording medium illuminated by 
the light to record preset information signals on the op- 
tical recording medium. 

[0051] At this time, heat generated in the thin film coil 
is transmitted to and absorbed by that one of the plural 
lenses that is arranged towards the optical recording 
medium. 

[0052] Also, in the present recording and/or reproduc- 
ing apparatus, the light radiated from the light source is 
converged by the plural lenses of the optical device so 
as to be illuminated on the photomagnetic recording lay- 
er of the optical recording medium run in rotation by the 
rotationally driving means. The return light reflected 
from the photomagnetic recording layer of the optical re- 
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cording medium is received by light reception means 
and thence supplied to the signal processing circuit to 
generate preset signals. 

[0053] In a further aspect, the present invention pro- 
vides an optical device for photomagnetic recording in- 
cluding light converging means for converging the light 
illuminated on a photomagnetic recording layer of an op- 
tical recording medium, and 

magnetic field generating means provided on the side 
of the light converging means facing the optical record- 
ing medium. The magnetic field generating means in- 
cludes a thin film coil and an electrically conductive mag- 
netic core connected to the thin film coil. A driving cur- 
rent is sent via the magnetic core to the thin film coil to 
generate a magnetic field of a preset strength. 
[0054] In this optical device for photomagnetic record- 
ing, the light converging means converges the light to 
illuminate the converged light on the photomagnetic re- 
cording layer. 

[0055] Also, with the present optical device for pho- 
tomagnetic recording, the driving current is supplied to 
the thin film coil via the magnetic core so that the mag- 
netic field generating means applies the magnetic field 
of a preset strength on the illuminated site. 
[0056] With the present optical device for photomag- 
netic recording, since the current driving the thin film coil 
is sent to the thin film coil via magnetic core, there is no 
necessity of providing a leadout line for supplying the 
current. 

[0057] In yet another aspect, the present invention 
provides recording and/or reproducing apparatus in- 
cluding rotationally driving means for rotationally driving 
an optical recording medium having a photomagnetic 
recording layer, a light source for radiating the light to- 
wards a photomagnetic recording layer of the optical re- 
cording medium, an optical device arranged on the op- 
tical path of the light radiated from the light source, light 
receiving means for receiving the light reflected back 
from the photomagnetic recording medium of the optical 
recording medium and a signal processing circuit for 
generating preset signals based on the return light re- 
ceived from the light receiving means. The optical de- 
vice includes light converging means for converging the 
light illuminated on a photomagnetic recording layer of 
the optical recording medium, and magnetic field gen- 
erating means provided on the side of the light converg- 
ing means facing the optical recording medium. The 
magnetic field generating means includes a thin film coil 
and an electrically conductive magnetic core connected 
to the thin film coil. A driving current is supplied through 
the magnetic core to the thin film coil to generate a mag- 
netic field of a preset strength. 
[0058] With the present recording and/or reproducing 
apparatus, the light radiated from the light source during 
recording is converged by the light converging means 
of the optical device so as to be illuminated on the pho- 
tomagnetic recording layer of the optical recording me- 
dium run in rotation by the rotationally driving means. 



By the driving current being supplied to the thin film coil 
via magnetic core, the magnetic field of a preset strength 
is applied by the magnetic field generating means on 
the site of the photomagnetic recording layer illuminated 
5 by the light to record preset record information signals 
on the optical recording medium. 
[0059] Also, with the present recording and/or repro- 
ducing apparatus, the light radiated from the light source 
during playback is converged by the light converging 
means so as to be illuminated on the photomagnetic re- 
cording layer of the optical recording medium run in ro- 
tation by the rotationally driving means. The return light 
reflected by the photomagnetic recording layer of the 
optical recording medium is received by the light recep- 
tion means and thence sent to the signal processing cir- 
cuit to generate preset signals. 
[0060] With the present recording and/or reproducing 
apparatus, since the current driving the thin film coil is 
supplied via magnetic core to the thin film coil, there is 
no necessity of providing leadout lines for current supply 
to the optical device. 

[0061 ] Also, with the recording and/or reproducing ap- 
paratus of the present invention, since the diameter of 
the light illuminated on the photomagnetic recording lay- 
er of the optical recording medium is limited by the light 
transmitting hole of the magnetic field generating 
means, the variation in the diameter of the light can be 
reduced to approximately the range of allowance, with- 
out the necessity of setting the diameter of the light 
transmitting hole of the magnetic field generating means 
of the optical device, even if the center of light illuminat- 
ed on the photomagnetic recording layer of the optical 
recording medium is offset from the center axis of the 
optical device due to levelling of the optical axis or the 
assembling error. Thus, the magnetic field can be gen- 
erated efficiently by low power consumption to enable 
appropriate recording as well as to suppress damage, 
such as rupture, tothe magnetic field generating means. 
[0062] Moreover, with the optical device for pho- 
tomagnetic recording according to the present inven- 
tion, the coil supporting substrate having the thin film 
coil formed thereon is formed by the member of a higher 
thermal conductivity, any heat generated in the thin film 
coil is effectively transmitted tothe coil supporting sub- 
strate without being stored in the thin film coil. 
[0063] Thus, with the present optical device for pho- 
tomagnetic recording, the magnetic field generating ef- 
ficiency is not lowered due to heat in the thin film coil 
especially at a high modulation frequency, while dam- 
ages to the thin film coil, such as rupture, may be sup- 
pressed. 

[0064] In addition, with the optical device according 
to the present invention, the lens arranged on the optical 
recording medium is constituted by a member of a high 
thermal conductivity and the thin film coil is not formed 
on this lens, any heat generated in the thin film coil is 
effectively transmitted to the lens provided on the optical 
recording medium without being accumulated in the thin 
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film coil. 

[0065] Therefore, with the present optical device for 
photomagnetic recording, the magnetic field generating 
efficiency is not lowered due to heat in the thin film coil 
especially at a high modulation frequency, while dam- 
ages to the thin film coil, such as rupture, may be sup- 
pressed. 

[0066] Also, with the optical device according to the 
present invention, the lens arranged on the optical re- 
cording medium is constituted by a member of a high 
thermal conductivity and the thin film coil is not formed 
on this lens, any heat generated in the thin film coil is 
effectively transmitted to the lens provided on the optical 
recording medium without being accumulated in the thin 
film coil. 

[0067] Thus, with the present optical device, the mag- 
netic field generating efficiency is not lowered due to 
heat in the thin film coil especially at a high modulation 
frequency, while damages to the thin film coil, such as 
rupture, may be suppressed. 

[0068] Also, with the recording and/or reproducing ap- 
paratus according to the present invention, since the 
lens arranged on the optical recording medium is con- 
stituted by a member of a high thermal conductivity any 
heat generated in the thin film coil is effectively trans- 
mitted to the lens provided on the optical recording me- 
dium without being accumulated in the thin film coil. 
[0069] Thus, with the present recording and/or repro- 
ducing apparatus, the magnetic field generating effi- 
ciency is not lowered due to heat in the thin film coil es- 
pecially at a high modulation frequency, and the opti- 
mum receding operation can be realized, while damag- 
es to the thin film coil, such as rupture, may be sup- 
pressed. 

[0070] Also, with the recording and/or reproducing ap- 
paratus according to the present invention, the lens ar- 
ranged on the optical recording medium is constituted 
by a member of a high thermal conductivity and the thin 
film coil is not formed on this lens, any heat generated 
in the thin film coil is effectively transmitted to the lens 
provided on the optical recording medium without being 
accumulated in the thin film coil. 
[0071] Thus, with the present recording and/or repro- 
ducing apparatus, the magnetic field generating effi- 
ciency is not lowered due to heat in the thin film coil es- 
pecially at a high modulation frequency, and the opti- 
mum receding operation can be realized, while damag- 
es to the thin film coil, such as rupture, may be sup- 
pressed. 

[0072] With the optical device for photomagnetic re- 
cording according to the present invention, the current 
driving the thin film coil is sent via magnetic core to the 
thin film coil, the magnetic field generating means can 
be reduced in thickness to realize high NAto generate 
the magnetic field efficiently by low power consumption 
or to suppress rupture of the thin film coil. 
[0073] With the recording and/or reproducing appara- 
tus according to the present invention, since the optical 



device has magnetic field generating means capable of 
being reduced in thickness, the magnetic field can be 
generated efficiently with low power consumption and 
high NA to realize appropriate recording operation as 
5 well as to suppress rupture of the thin film coil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0074] Fig. 1 is a longitudinal cross-sectional view 

10 showing a conventional optical device. 

[0075] Figs.2A is a side view of an optical device hav- 
ing a center hole of a coil of a small diameter and Fig. 
2B is a side view of an optical device having a center 
hole of a coil of a large diameter. 

is [0076] Fig.3 is a schematic view for illustrating the re- 
lation between the thickness of the thin film coil and the 
diameter of the center hole thereof in the conventional 
optical device. 

[0077] Fig. 4 is a block diagram showing the structure 
20 of a recording and/or reproducing apparatus embodying 
the present invention. 

[0078] Fig. 5 is a schematic view of a head structure. 
[0079] Fig. 6 is a longitudinal cross-sectional view 
showing an optical device embodying the present inven- 
ts tion. 

[0080] Fig.7 is a plan view showing a coil. 
[0081] Fig.8 is a longitudinal cross-sectional view, 
taken along line A-A in Fig.4, showing the coil. 
[0082] Fig. 9 is a longitudinal cross-sectional view 
30 showing a modified coil. 

[0083] Fig. 10 is a schematic view for illustrating that 
the beam diameter of the laser light is determined when 
the laser light passes through the center hole of the coil. 
[0084] Fig. 11 is a schematic view for illustrating the 
35 relation between the thickness and the diameter of the 
center hole of the coil. 

[0085] Fig. 1 2 is a graph showing magnetic field gen- 
erating characteristics of an optical device according to 
the present invention as compared to those of a Com- 
40 parative Example. 

[0086] Fig. 13 is a graph showing temperature rising 
characteristics of an optical device according to the 
present invention as compared to those of a Compara- 
tive Example. 

45 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0087] Referring to the drawings, preferred embodi- 
50 ments of the present invention will be explained in detail. 
[0088] A recording and/or reproducing apparatus ac- 
cording to the present invention, referred to herein as 
an optical disc device 1 , shown in Fig.4, includes a spin- 
dle motor 3 for rotationally driving a magneto-optical 
55 disc 2, and a head 4 for recording defined signals on the 
magneto-optical disc 2, run in rotation by this spindle 
motor 3, and for outputting light reception signals by 
reading out signals recorded on the magneto-optical 
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disc 2 to generate magneto-optical playback signals 
(MO playback signals). The optical disc device 1 also 
includes a control signal generator 5 for receiving the 
light reception signal outputted by the head 4 to gener- 
ate control signals and a driving actuator 6 for causing 
movement of the head 4 in a radial direction of the mag- 
neto-optical disc 2 or in the direction towards and away 
from the magneto-optical disc 2 based on the control 
signals supplied from the control signal generator 5. 
[0089] The spindle motor 3 is connected to a power 
source, not shown, so that, if fed with the driving current 
from this power source, the spindle motor 3 runs the 
magneto-optical disc 2 held thereon at a preset velocity. 
[0090] When fed with a recording signal from a pre- 
set device, not shown, the head 4 illuminates light on 
the photomagnetic recording layer of the magneto-opti- 
cal disc 2, while generating a magnetic field in meeting 
with the recording signals to record defined signals at a 
portion of the photomagnetic recording layer illuminated 
by the light. The head 4 also illuminates light on the pho- 
tomagnetic recording layer of the magneto-optical disc 
2 to detect return light to read out data recorded on the 
magneto-optical disc 2 to output the data as MO play- 
back signals. The head 4 also sends the light reception 
signals to the control signal generator 5. 
[0091] The control signal generator 5 includes a fo- 
cusing matrix circuit 8, a tracking matric circuit 11 , phase 
compensation circuits 9, 1 2 and amplifiers 7, 1 0 and 1 3. 
[0092] The focusing matrix circuit 8 generates focus- 
ing error signals, based on the light reception signals 
supplied from the head 4 via amplifier 7, to send the fo- 
cusing error signals to the phase compensation circuit 9. 
[0093] The phase compensation circuit 9 phase-com- 
pensates the focusing error signals sent from the focus- 
ing matrix circuit 8 to send the phase-compensated sig- 
nals via amplifier 10 to the driving actuator 6. 
[0094] The tracking matric circuit 11 generates track- 
ing error signals based on the light reception signals 
sent from the head 4 via amplifier 7 to send the tracking 
error signals to the phase compensation circuit 12. 
[0095] The phase compensation circuit 12 phase- 
compensates the tracking error signals sent from the 
tracking matric circuit 11 to send the phase -compensat- 
ed signals via amplifier 1 3 to the driving actuator 6. 
[0096] The driving actuator 6 causes movement of the 
head 4 in a direction towards and away from the mag- 
neto-optical disc 2, based on the focusing error signals 
sent from the focusing matrix circuit 8 via phase com- 
pensation circuit 9 and amplifier 10, by way of perform- 
ing focusing control. The driving actuator 6 also causes 
movement of the head 4 in a radial direction of the mag- 
neto-optical disc 2, based on the tracking error signals 
sent from the tracking matric circuit 11 via phase com- 
pensation circuit 1 2 and amplifier 1 3, by way of perform- 
ing tracking control. 

[0097] The head 4 is hereinafter explained in detail. 
[0098] Referring to Fig.5, the head 4 includes a sem- 
iconductor laser 21 for radiating the laser light of a pre- 



determined wavelength. The laser light emitted by this 
semiconductor laser 21 first is incident on a collimator 
lens 22. 

[0099] The collimator lens 22 collimates the laser light 
5 from the semiconductor laser 21 to a collimated laser 
light beam which is then incident on a first beam splitter 
24via a shaping prism 23. 

[0100] The first beam splitter 24 transmits the laser 
light from the shaping prism 23 to an optical device hav- 

10 jng a double lens type objective lens and a thin-film coil, 
while reflecting the laser light reflected from the pho- 
tomagnetic recording layer 2a of the magneto-optical 
disc 2 and transmitted through the above optical device 
towards a second beam splitter 26. This optical device 

'£ is referred to hereinafter as a magneto-optical head unit 
25. 

[0101] In this magneto-optical head unit 25, the ob- 
jective lens converges the laser light from the first beam 
splitter 24 to the photomagnetic recording layer 2a of 

20 the magneto-optical disc 2 to illuminate the photomag- 
netic recording layer 2a. During data recording, the thin- 
film coil causes a magnetic field of a strength corre- 
sponding to recording signals supplied via amplifier 36 
to be applied to a laser light illuminating position of the 

25 photomagnetic recording layer 2a. 

[0102] Also, with the magneto-optical head unit 25, 
the laser light reflected back by the photomagnetic re- 
cording layer 2a of the magneto-optical disc 2 is incident 
on the first beam splitter 24. The return light, incident on 

30 the first beam splitter 24, is reflected by the first beam 
splitter 24 so as to fall on the second beam splitter 26, 
as explained previously. 

[01 03] The second beam splitter 26 reflects the return 
light reflected back from the first beam splitter 24 (return 
35 light) in a certain proportion towards a first converging 
lens 27, while transmitting the reflected return light via 
a half wave plate 30 towards a second converging lens 
31. 

[01 04] The first converging lens 27 converges the re- 
40 turn light of the collimated light reflected back from the 
second beam splitter 26 to cause the resulting con- 
verged light to fall on a first photodetector 29 via a cy- 
lindrical lens 28 adapted to accord astigmatic aberration 
to the converged light. 
45 [0105] The first photodetector 29 has four-segment 
light receiving sections and is adapted to convert the re- 
turn light falling on the four segments into electrical sig- 
nals (light reception signals) which are sent to the am- 
plifier 7 of the control signal generator 5. 
so [01 06] The second converging lens 31 converges the 
return light of the collimated light supplied from the sec- 
ond beam splitter 26 via half wave plate 30 to cause the 
resulting converged light to fall on a third beam splitter 
32. 

55 [0107] The third beam splitter 32 transmits part of the 
return light, converged by the second converging lens 
31 , towards a second photodetector 33, while reflecting 
the remaining portion of the return light towards a third 



8 



2/9/08, EAST Version: 2.2.1.0 



15 



EP 0 910 078 A2 



16 



photodetector 34. 

[0108] The third photodetector 33 and the fourth pho- 
todetector 34 convert the return light, incident thereon 
from the third beam splitter 32, into electrical signals cor- 
responding to the light volume, and sends the resulting 
electrical signals to a differential amplifier 35. 
[0109] The differential amplifier 35 computes the dif- 
ference between the electrical signals sent from the sec- 
ond photodetector 33 and those sent from the third pho- 
todetector 34 to send the results as MO playback signals 
to a preset device, not shown. 
[0110] The optical disc device 1 of the present inven- 
tion, constructed as described above, is adapted to 
record or read out preset information signals for the 
magneto-optical disc 2. 

[0111] The present optical disc device 1 may also be 
a phase change disc, exploiting phase changes, or a 
read-only optical disc, without being limited to the mag- 
neto-optical disc. When recording information signals 
on the phase change optical disc, the optical disc device 
1 causes the head 4 to illuminate the laser light on a 
recording layer of the phase change optical disc to 
record the information signals by exploiting the phase 
changes of the recording layer. When reading out the 
information signals from the phase change optical disc, 
the optical disc device 1 causes the laser light to be il- 
luminated on the recording layer of the phase change 
optical disc to derive playback signals based on the dif- 
ference caused in the return light due to the state of the 
recording layer. 

[0112] When reading out information signals from a 
read-only optical disc, the optical disc device 1 causes 
the head 4 to illuminate the laser light on a signal re- 
cording layer of the read-only optical disc to detect the 
return light to produce playback signals. 
[0113] The magneto-optical head unit 25 of the head 
4, which represents essential portions of the present in- 
vention, is explained. 

[0114] Referring to Fig.6, the magneto-optical head 
unit 25 has two lenses on an optical path of the laser 
light transmitted through the first beam splitter 24. These 
two lenses make up an objective lens adapted for con- 
verging the laser light radiated from the semiconductor 
laser 21. In the following description, the lens of these 
two lenses which is arranged towards the magneto-op- 
tical disc 2 is termed a forward lens 41 , while the other 
lens is termed a backward lens 42. 
[0115] The forward lens 41 and the backward lens 42, 
molded to a preset shape from a blue-plate glass or a 
quartz plate, transparent to the laser light used, are each 
supported by a lens holder 43, and are moved in unison 
in a direction towards and away from and in a radial di- 
rection of the magneto-optical disc 2. The spherical 
shape of the forward lens 41 is optimized, depending on 
the shape or position of the backward lens 42, substrate 
thickness or the refractive index of the magneto-optical 
disc 2, so that the laser light illuminated on the photo- 
detector recording layer will not be affected by the 



spherical aberration. 

[0116] The forward lens 41 and the backward lens 42, 
each carried by the lens holder 43, is moved by the driv- 
ing actuator 6 in unison in a radial direction of and in a 
s direction towards and away from the magneto-optical 
disc 2, in order to effectuate tracking control and focus- 
ing control. In effectuating the focusing control, the for- 
ward lens 41 or the backward lens 42 is moved in a di- 
rection towards and away from the other lens to correct 
10 the spherical aberration. 

[0117] The magneto-optical head unit 25 is provided 
with a coil supporting substrate 44 on the side of the 
forward lens 41 lying towards the magneto-optical disc. 
[01 1 8] This coil supporting substrate 44, molded as a 
is fiat plate from transparent members of, such as blue- 
plate glass, quartz glass or aluminum oxide, is arranged 
towards the magneto-optical disc 2 of the forward lens 
41 , as it is supported by the lens holder 44, in such a 
manner that the major surface of the substrate 44 will 
be substantially perpendicular to the optical axis of the 
laser light converged by the backward lens 42 and the 
forward lens 41 , that is, in such a manner that the major 
surface of the substrate wiii be subsequently parallel to 
the photomagnetic recording layer 2a of the magneto- 
optical disc 2. 

[0119] If the coil supporting substrate 44 is formed of, 
for example, aluminum oxide, higher in thermal conduc- 
tivity than blue-plate glass or quartz glass, heat gener- 
ated on heating the thin-film coil by the driving coil being 
fed through the thin film coil can be effectively propagat- 
ed to the coil supporting substrate 44 to prevent rupture 
of the thin film coil or lowering of the efficiency of the 
generated magnetic field. 

[0120] If aluminum oxide is used, its thermal conduc- 
tivity (of the order of 21 W/m-K), is sufficient to permit 
propagation of heat generated in the thin film coil. It is 
noted that, as a member used for the coil supporting 
substrate 44, any suitable member may be used which 
has thermal conductivity of the same order as aluminum 
oxide. 

[0121] On the major surface of the coil supporting 
substrate 44 facing the magneto-optical disc 2, there is 
formed a magnetic field generating coil unit 46 via a 
transparent dielectric film 45 adapted for inhibiting re- 
flection of the laser light transmitted through the coil sup- 
porting substrate 44, as shown in Figs.7 and 8. 
[01 22] The materials of the transparent dielectric film 
45 may be enumerated by, for example, silicon oxide, 
tungsten oxide, magnesium fluoride and silicon nitride. 
[0123] The coil unit 46 includes a magnetic core 47, 
formed via transparent dielectric film 45 on the major 
surface of the coil supporting substrate 44, and a spiral- 
ly-shaped thin film coil 48 formed on this magnetic core 
47. This coil unit 46 is improved in magnetic field effi- 
ciency by providing the magnetic core 47 in adjacency 
to the thin film coil 48. 

[0124] As the materials for the magnetic core 47, a 
wide variety of materials may be used, such as Ni-Fe 
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alloys, Co-based amorphous alloys, Fe-AI-Si alloys, 
laminated Fe-C Ni-Fe alloys, Fe-Ta-N alloy or Mn-Zn fer- 
rite. These materials may be used alone or in combina- 
tion. If the magnetic core 47 is formed of an electrically 
conductive material, the thin film coil 48 can be connect- 
ed via this magnetic core 47 to one of the electrodes, it 
being unnecessary to provide a separate lead-out line 
for connecting the thin film coil 48 to one of the elec- 
trodes. Thus, if the magnetic core 47 is formed of an 
electrically conductive material, and the thin film coil 48 
is connected via the magnetic core 47 to one of the elec- 
trodes, the coil unit 46 can be reduced in thickness to 
cope with the increased NA. 

[01 25] The material of the magnetic core 47 is formed, 
such as by sputtering, on the major surface of the coil 
supporting substrate 44 to a thickness of not less than 
1 urn, and is molded by etching to a toroidal shape hav- 
ing a light-transmitting hole 47a of a predetermined di- 
ameter. The light-transmitting hole 47a of the magnetic 
core 47, set to a diameter of approximately 128 u.m, is 
used to transmit the laser light converged by the back- 
ward lens 42 and the forward lens 41 , as its beam di- 
ameter is controlled, and to illuminate the transmitted 
laser light on the photomagnetic recording layer 2a of 
the magneto-optical disc 2. The laser light converged by 
the backward lens 42 and the forward lens 41 and trans- 
mitted through the light-transmitting hole 47a of the 
magnetic core 47 has its portion towards its outer rim 
kicked by the magnetic core 47 so that it is illuminated 
on the photomagnetic recording layer 2a of the magne- 
to-optical disc 2 with a predetermined beam diameter 
[0126] For improving adhesion of the magnetic core 
47 to the coil supporting substrate 44, an adhesive layer, 
such as a Cr film, may be formed on the major surface 
of the coil supporting substrate 44, and the magnetic 
core 47 may then be formed via this adhesive layer on 
the coil supporting substrate 44. 
[0127] The thin film coil 48, generating a magnetic 
field corresponding to the recording signals supplied 
from a preset device for applying the generated mag- 
netic field on the laser light illuminating position of the 
photodetector recording layer 2a of the photodetector 
recording layer 2, is formed spirally on the magnetic core 
47. The thin film coil 48 has a center hole of a predeter- 
mined diameter for appropriately transmitting the laser 
light transmitted through the light-transmitting hole 47a 
of the magnetic core 47. 

[0128] The thin film coil 48 is formed by depositing a 
film of an electrically conductive material, such as one 
of Cu, Ag and Au or an alloy containing at least one of 
these metals, to a preset thickness on the magnetic core 
47, and by etching this electrically conductive material 
to the shape of a helix having a center hole using a pho- 
tolithographic technique. 

[0129] This thin film coil 48 is embedded in an insu- 
lating layer 49 of an insulating material for protection. 
From the outer rim of the helix is pulled out an electrode 
50a for supplying the driving current to the thin film coil 



48. 

[0130] If the magnetic core 47 of the thin film coil 48 
is formed of an electrically conductive material, the inner 
rim of the helix is connected via this magnetic core 47 
5 to the opposite side electrode 50b. 

[0131] Since the spirally-shaped inner rim of the thin 
film coil 48 is connected via magnetic core 47 to an elec- 
trode 50b, there is no necessity of providing a separate 
lead-out line. Therefore, the thickness of the insulating 
layer 49, in which are buried the magnetic core 47 and 
the thin film coil 48, suffices as the thickness of the coil 
46, such that it becomes possible to reduce the thick- 
ness of the coil unit 46. 

[01 32] The materials of the insulating layer 49 for pro- 
tecting the thin film coil 48 may be exemplified by, for 
example, resist materials, polyimide or acrylic resins. 
The insulating layer 49 is provided with a center hole, 
depending on the shape of the thin film coil 48, such that 
the laser light converged by the backward lens 42 and 
the forward lens 41 traverses this center hole. 
[01 33] The thin film coil 48 is formed on the coil sup- 
porting substrate 44 so that it will be substantially par- 
allel to the photomagnetic recording layer 2a of the mag- 
neto-optical disc 2. Thus, the direction of the current 
flowing in the thin film coil 48 is substantially parallel to 
the photomagnetic recording layer 2a of the magneto- 
optical disc 2, so that the thin film coil 48 generates a 
magnetic field substantially perpendicular to the pho- 
tomagnetic recording layer 2a of the magneto-optical 
disc 2to apply this magnetic field on the ph recording 
layer 2a. 

[01 34] Although the above description is made with 
reference to an embodiment in which the thin film coil 
48 is formed by a single-layer coil, the thin film coil 48 
used for the magneto-optical head unit 25 may also be 
of a double- layer structure of an upper layer coil 48a and 
a lower-layer coil 48b, each of which is buried in the in- 
sulating layer 49, as shown in Fig.9. 
[0135] In this case, a pair of electrodes 50a, 50b for 
supplying the driving current to the thin film coil 48 are 
led out from the outer rim of the helix of the upper layer 
coil 48aand the helix of the lower-layer coil 48b. The in- 
ner rim of the helix of the upper layer coil 48a and the 
inner rim of the helix of the lower-layer coil 48b are con- 
nected to each other for electrically interconnecting the 
upper layer coil 48a and the lower-layer coil 48b. 
[0136] The above-described magneto-optical head 
unit 25 is designed so that the incident laser light is con- 
verged by the backward lens 42 and the forward lens 
41 and so that the laser light converged by the backward 
lens 42 and the forward lens 41 will be transmitted 
through the center hole of the coil unit 46 so as to be 
illuminated on the photomagnetic recording layer 2a of 
the magneto-optical disc 2, as described above. With 
the present magneto-optical head unit 25, the beam di- 
ameter of the laser light is determined when the laser 
light converged by the backward lens 42 and the forward 
lens 41 is transmitted through the center hole of the coil 
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unit 46, more specifically through the center hole 47a of 
the magnetic core 47. That is, the laser light converged 
by the backward lens 42 and the forward lens 41 has its 
portion towards its outer rim kicked by the magnetic core 
47, with the center hole 47a of the magnetic core 47 as 5 
an aperture, when the laser light traverses the coil sup- 
porting substrate 44 to traverse the center hole 47a of 
the magnetic core 47 in a state in which the beam diam- 
eter is larger than the diameter of the center hole 47a of 
the magnetic core 47. The laser light traversing the cent- 
er hole 47a of the magnetic core 47 has its beam diam- 
eter thus set and is illuminated in this state on the pho- 
tomagnetic recording layer 2a of the magneto-optical 
disc 2. 

[01 37] Since the beam diameter of the laser tight illu- 
minated on the photomagnetic recording layer 2a of the 
magneto-optical disc 2 is set when the laser light 
traverses the center hole of the coil unit 46, more spe- 
cifically through the center hole 47a of the magnetic core 
47 of the coil unit 46, it is possible to reduce the variation 
in the beam diameter to approximately the range of tol- 
erance even if the center of the laser light is deviated 
from the center shaft of the magneto-optical head unit 
25 due to, e.g., levelling down of the optical axis or as- 
sembling errors of the magneto-optical head unit 25. 
[0138] Thus, with the present magneto-optical disc 
25, there is no necessity of setting the diameter of the 
center hole of the coil unit 46 to larger values in consid- 
eration of 

levelling down of the optical axis or assembling errors 
of the magneto-optical head unit 25, such that the mag- 
netic field can be generated efficiently with low power 
consumption, while the risk of rupture of the tracking 
yoke 46 can be minimized. 

[0139] Although the foregoing description has been 
made of an embodiment in which the coil supporting 
substrate 44 is provided on the magneto-optical disc 
side of the forward lens 41 and the coil unit 46 is provid- 
ed on the coil supporting substrate 44, the present in- 
vention is not limited to this specified embodiment. 
Thus, the coil unit 46 may also be directly provided on 
the circular flat portion 41 a of the forward lens 41 without 
providing the coil supporting substrate 44. 
[0140] Since the beam diameter of the laser light con- 
verged by the backward lens 42 and the forward lens 
41 is similarly determined in this case by the center hole 
of the coil unit 46, the meritorious effect such as that 
described above can be achieved. 
[0141] Although the foregoing description has been 
made of an embodiment in which the magnetic core 47 
is formed on the coil supporting substrate 44 and the 
thin film coil 48 is formed on the magnetic core 47, the 
present invention is not limited to this specified embod- 
iment. Thus, the thin film coil 48 may be formed on the 
coil supporting substrate 44 without interposition of the 
magnetic core 47. In this case, the beam diameter of the 
laser light illuminated on the photomagnetic recording 
layer 2a of the magneto-optical disc 2 is determined by 



the center hole of the insulating layer 49 protecting the 
thin film coil 48. 

[0142] Although the foregoing description has been 
made of an embodiment in which the laser light con- 
verged by the backward lens 42 and the forward lens 
41 is transmitted through the coil supporting substrate 
44 and through the center hole of the coil unit 46 so as 
to be illuminated on the photomagnetic recording layer 
2a of the magneto-optical disc 2, the present invention 
is not limited to this embodiment. That is, the coil sup- 
porting substrate 44 may be provided with a through- 
hole traversed by the laser light so that the laser light 
converged by the backward lens 42 and the forward lens 
41 will be transmitted through this through-hole and 
through the center hole of the coil unit 46 without being 
transmitted through the interior of the coil supporting 
substrate 44 so as to be illuminated on the photomag- 
netic recording layer 2a of the magneto-optical disc 2. 
[01 43] If the magneto-optical head unit is constructed 
as described above, a member not transparent to the 
laser light used may be used as a material for the coil 
supporting substrate 44 if the material used is of a high 
thermal conductivity. 

[01 44] If the magneto-optical head unit is constructed 
from a member not transparent to the laser light in use, 
the beam diameter of the laser light illuminated on the 
photomagnetic recording layer 2a of the magneto-opti- 
cal disc 2 is determined when the laser light traverses 
the through-hole formed in the coil supporting substrate 
44. 

[0145] Since the coil unit 46 of the magneto-optical 
head unit 25 is provided on the coil supporting substrate 
44 formed by a member of high thermal conductivity, 
heat generated on supplying the driving current to the 
thin film coil 48 is transmitted effectively to the coil sup- 
porting substrate 44 without being stored in the thin film 
coil 48. 

[0146] Thus, with the present magneto-optical head 
unit 25, there is no risk of the generated magnetic field 
being lowered in efficiency by the heat of the thin film 
coil 48 especially for high modulation frequency, while 
there is no risk of damage, such as rupture, of the thin 
film coil 48. 

[0147] Although the foregoing description has been 
made of the magneto-optical head unit 25 in which the 
coil supporting substrate 44 formed by the member of 
high thermal conductivity is arranged on the side of the 
forward lens 41 facing the magneto-optical disc 2, as 
the coil supporting substrate 44 is carried by the lens 
holder 43, and in which the coil unit 46 is provided on 
the coil supporting substrate 44, the coil supporting por- 
tion may be provided by forming a film of a high thermal 
conductivity material, such as AIO, by sputtering on the 
circular planar surface 41a of the forward lens 41, and 
the coil unit 46 may be formed on this coil supporting 
portion, for realization of comparable effects. 
[0148] Also, the forward lens 41 may be formed by a 
member of high thermal conductivity material, such as 
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AIO, without providing the coil supporting substrate 44, 
and the coil unit 46 may be formed on the circular planar 
surface 41a of the forward lens 41 , for realizing similar 
effects. 

[0149] Although the foregoing description has been 
made of an embodiment in which the magnetic core 47 
is formed on the coil supporting substrate 44 and the 
thin film coil 48 is formed on this magnetic core 47, the 
present invention is not limited to this embodiment. 
Thus, the thin film coil 48 may be formed on the coil sup- 
porting substrate 44 without interposition of the magnet- 
ic core 47. In this case, it is the center hole of the insu- 
lating layer 49 protecting the thin film coil 48 that deter- 
mines the beam diameter of t the light beam illuminated 
on the photomagnetic recording layer 2a of the magne- 
to-optical disc 2. 

[0150] In the above-described magneto-optical head 
unit 25, since the magnetic core 47 used for increasing 
the magnetic field efficiency is formed by an electrically 
conductive material, and the thin film coil 48 is connect- 
ed to one of the electrodes via this magnetic core 47, 
the driving current can be supplied appropriately to the 
thin film coil 48 without providing separate lead-out 
lines. 

[0151] Therefore, with the present magneto-optical 
head unit 25, the coil unit 46 can be reduced in thick- 
ness, which is a merit in realizing the high NA. That is, 
if the thickness t of the coil unit 46 is set to a smaller 
value, the distance d between the major surface of the 
coil supporting substrate 44, as the coil unit forming sur- 
face, and the magneto-optical disc 2, can be reduced to 
a small magnitude, as the distance between the mag- 
neto-optical head unit 25 and the magneto-optical disc 
2 (working distance WD) is set to a value which will 
evade collision between the magneto-optical head unit 
25 and the magneto-optical disc 2, as shown in Fig. 11 . 
[0152] If the high NA is to be achieved with the mag- 
neto-optical head unit 25, the diameter $ of the center 
hole of the coil unit 46 depends on the distance d be- 
tween the major surface of the coil supporting substrate 
44 and the magneto-optical disc 2. 
[0153] Thus, with the magneto-optical head unit 25, 
the high NA can be realized by reducing the thickness t 
of the coil unit 46 and the distance d between the major 
surface of the coil supporting substrate 44 and the mag- 
neto-optical disc 2, with the diameter $ of the center hole 
of the coil unit 46 being reduced. 
[0154] With the magneto-optical head unit 25, an ap- 
propriate magnetic field can be applied across the opti- 
cal head recording layer 2a of the magneto-optical disc 
2efficiently with a low power consumption, by setting the 
diameter 0 of the coil unit 46 to a smaller value. Moreo- 
ver, heat evolution in the thin film coil 48 can be reduced, 
while suppressing damage to the thin film coil 48, such 
as breakage. 

[0155] Although the foregoing description has been 
made of an embodiment in which the coil supporting 
substrate 44 is provided on the forward lens 41 towards 



the magneto-optical disc 2, and the coil unit 46 is pro- 
vided on the major surface of the coil supporting sub- 
strate 44, the present invention is not limited to this il- 
lustrative embodiment. For example, the coil unit 46 
5 may be directly formed on the circular planar surface of 
the forward lens 41 . 

[01 56] In this case, by connecting the thin film coil 48 
via magnetic core 47 to one of the electrodes for reduc- 
ing the thickness of the coil unit 46, the distance be- 
10 tween the circular planar surface of the forward lens 41 
and the magneto-optical disc 2 can be reduced for 
achieving the results similar to those of the previous 
embodiment . 

[0157] The recording/reproducing operation of the 
15 above-described optical disc device 1 will be hereinafter 
explained. 

[01 58] For recording preset data on the magneto-op- 
tical disc 2 by the optical disc device 1 , the magneto- 
optical disc 2, carrying the spindle motor 3, is run in ro- 
20 tation, as the laser light is emitted from the semiconduc- 
tor laser 21 of the head 4. 

[0159] The laser light radiated from the semiconduc- 
tor laser 21 falls on the magneto-optical head unit 25 via 
collimator lens 22, shaping lens 23 and the first beam 

25 splitter 24. The laser light incident on the magneto-op- 
tical head unit 25 is converged by the backward lens 42 
and the forward lens 41 of the magneto-optical head unit 
25 to traverse the center hole of the coil unit 46. At this 
time, the beam diameter of the laser light is set by the 

30 outer periphery of the laser light being partially kicked 
by the coil unit 46 with the center hole of the coil unit as 
an aperture. The laser light traversing the center hole of 
the coil unit 46 is illuminated on the photomagnetic re- 
cording layer 2a of the magneto-optical disc 2. 

35 [0160] The optical disc device 1 radiates the laser light 
on the photomagnetic recording layer 2a of the magne- 
to-optical disc 2 to raise the temperature of the magnetic 
material irradiated with the laser light to not lower than 
the Curie temperature or compensation temperature, 

40 with the laser light as the heat source, in order to de- 
magnetize the heated portion. 
[0161] If, in the optical disc device 1 , recording signals 
modulated in keeping with the recording data are sent 
to the m25 via amplifier 36, the driving current is sent 

45 via the magnetic core 47 to the thin film coil 48, which 
then generates the magnetic field proportionate to the 
recording signals. This magnetic field is applied to a por- 
tion of the photomagnetic recording layer 2a of the mag- 
neto-optical disc 2 illuminated by the laser light. 

so [0162] In this manner, the optical disc device 1 
records preset data (recording signals) on the magneto- 
optical disc 2. During this recording operation, any heat 
generated in the thin film coil 48 is effectively propagat- 
ed to and absorbed by the coil supporting substrate 44. 

55 Meanwhile, the optical disc device 1 executes the focus- 
ing control and the tracking control during the recording 
operation, as during the reproducing operation, which 
will be explained subsequently. 
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[01 63] The optical disc device 1 rotationally drives the 
magneto-optical disc 2 carrying the spindle motor 3, dur- 
ing readout of data recorded on the magneto-optical 
disc 2, as during the recording operation. Simultaneous- 
ly, the laser light is emitted from the semiconductor laser 
21 of the head 4. 

[0164] The laser light emitted by the semiconductor 
laser 21 falls on the magneto-optical head unit 25 via 
collimator lens 22, shaping lens 23 and the first beam 
splitter 24 to the magneto-optical head unit 25. The laser 
light, thus incident on the magneto-optical head unit 25, 
is converged by the backward lens 42 and the forward 
lens 41 of the magneto-optical head unit 25 to traverse 
the center hole of the coil unit 46. At this time, the outer 
peripheral side of the laser light is partially kicked by the 
coil unit 46, with the center hole of the coil unit 46 as an 
aperture, so that the beam diameter is determined. The 
laser light traversing the center hole of the coil unit 46 
is illuminated on the photomagnetic recording layer 2a 
of the magneto-optical disc 2. 

[0165] The return light, reflected by the photomagnet- 
ic recording layer 2a, falls on the second photodetector 
33 and the third photodetector 34 via second beam split- 
ter 26, half wave plate 30, second converging lens 31 
and the third beam splitter 32 for detection. The polari- 
zation plane of the return light from the photomagnetic 
recording layer 2a is rotated in mutually opposite direc- 
tions depending on the direction of magnetization of the 
photomagnetic recording layer 2a (corresponding to the 
values of the recorded data) under the Kerr effect. The 
return light from the photomagnetic recording layer 2a 
falls on the second photodetector 33 and the third pho- 
todetector 34 via third beam splitter 32. This change in 
the rotation angle (Kerr rotation angle) between the 
plane of polarization and the plane of polarization of light 
illuminated on the photomagnetic recording layer 2a is 
transformed into change in light intensity which is de- 
tected. 

[0166] The second photodetector 33 and the third 
photodetector 34output electrical signals corresponding 
to the intensity of the incident return light to the differ- 
ential amplifier 35, which then computes the difference 
between the outputs of the second and third photode- 
tectors 33, 34 to output the difference as a MO playback 
signal. 

[0167] The return light reflected by the photomagnetic 
recording layer 2a is partially reflected by the second 
beam splitter 26 so as to fall on the first photodetector 
29 via the first converging lens 27 and the cylindrical 
lens 28. 

[0168] The first photodetector 29 converts the inci- 
dent return light into electrical signals which are sent via 
amplifier 7 of the control signal generator 5 to the focus- 
ing matrix circuit 8 and to the tracking matrix circuit 11 . 
[0169] The focusing matrix circuit 8 and the tracking 
matrix circuit 11 generate focusing error signals and the 
tracking error signals based on the converted electrical 
signals to send the focusing error signals and the track- 



ing error signals via amplifiers 10, 13 to the driving ac- 
tuator 6. 

[0170] In keeping with these focusing error signals 
and tracking error signals, the driving actuator 6 causes 

5 movement of the magneto-optical head unit 25 in a di- 
rection in and out of contact with the magneto-optical 
disc 2 to effectuate focusing control and tracking control. 
[0171] The magneto-optical head unit 25 used in the 
optical disc device 1 is configured so that the light emit- 

10 ted by the semiconductor laser 21 is converged by the 
backward lens 42 and the forward lens 41 and the laser 
light thus converged traverses the center hole of the coil 
unit so as to be illuminated on the photomagnetic re- 
cording layer 2a of the magneto-optical disc 2. With the 

is magneto-optical head unit 25, the center hole of the coil 
unit 46 operates as an aperture to control the beam di- 
ameter of the transmitted laser light. 
[0172] Thus, the laser light illuminated on the pho- 
tomagnetic recording layer 2a of the magneto-optical 

20 disc 2 has its beam diameter set when it is transmitted 
through the center hole of the coil unit 46 of the magne- 
to-optical head unit 25. 

[0173] Thus, with the optical disc device 1 employing 
the magneto-optical head unit 25, variation in the beam 

25 diameter can be reduced to be within the allowance 
range, without setting the diameter of the center hole of 
the coil unit 46 of the magneto-optical head unit 25, even 
if the center of the laser light is deviated from the center 
axis of the magneto-optical head unit 25 due to levelling 

30 of the optical axis or the assembling errors in the mag- 
neto-optical head unit 25, thus efficiently generating the 
magnetic field with low power consumption to effectuate 
appropriate recording while suppressing damages to 
the thin film coil 48, such as rupture. 

35 [0174] Moreover, since the coil unit 46 of the magne- 
to-optical head unit 25 used in the optical disc device 1 
is provided on the coil supporting substrate 44 formed 
by a member of a high thermal conductivity, any heat 
generated on supplying the driving current to the driving 

40 coil 48 is effectively transmitted to the coil supporting 
substrate 44 without accumulation in the thin film coil 48. 
[0175] Thus, with the optical disc device 1 employing 
the magneto-optical head unit 25, recording can be 
made appropriately especially for high modulation fre- 

45 quency without lowering the efficiency of the generated 
magnetic field due to heat in the thin film coil 48, while 
suppressing damages of the thin film coil 48, such as 
rupture. 

[0176] In addition, the magnetic core 47 of the mag- 
so neto-optical head unit 25 of the optical disc device 1, 
used for improving the magnetic field efficiency, is 
formed by an electrically conductive material, and the 
thin film coil 48 is connected via magnetic core 47 to one 
of the electrodes, it is possible to reduce the thickness 
55 of the coil unit 46 and to reduce the diameter of the cent- 
er hole of the coil unit 46 while realizing high NA. 
[0177] Therefore, the optical disc 1, employing the 
magneto-optical head unit 25, can perform appropriate 
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recording by efficiently applying the magnetic field to the 
photomagnetic recording layer 2a of the magneto-opti- 
cal recording medium 2 with low power consumption, 
while suppressing damages, such as breakage, of the 
thin film coil 48. s 
[0178] For verifying the meritorious effect of the 
present invention, an optical device ( magneto-optical 
head unit) in which the diameter <J> of the center hole of 
the coil unit was set to 200 jim and the beam diameter 
of the light beam was determined by the center hole of 10 
the coil unit, was prepared, and playback characteristics 
of the optical device used in an optical disc device were 
evaluated. Also, the characteristics of the generated 
magnetic field of this optical disc device were evaluated, 
using the optical devices, in which the diameter (J> of the is 
center hole of the coil unit was set to 300 jim, 400 ujti 
and to 500 um 

[0179] Also, an optical device for photomagnetic re- 
cording (magneto-optical head unit) in which the coil 
supporting substrate was prepared using aluminum ox- 20 
ide was fabricated, and was used in an optical disc de- 
vice to evaluate playback characteristics of the optical 
device used in the optical disc device. The temperature 
rising characteristics of the optical device were evaluat- 
ed using, as an object for comparison, an optical device 25 
the coil supporting substrate of which was prepared us- 
ing blue-plate glass. 

Fabrication of Optical Device 

30 

[0180] On an aluminum oxide substrate, serving as a 
coil supporting substrate of a pre-set thickness, a silicon 
oxide film for preventing reflection of the laser light inci- 
dent on the optical device was formed. Also, on the alu- 
minum oxide substrate, on which was formed a silicon 35 
oxide film, CoPdZr as a material of the magnetic core 
was formed to a thickness of approximately 2.5 ujti by 
sputtering with interposition of a Cr film operating as an 
adhesive layer. 

[0181] By the etching process, a CoPdZr film was 40 
formed to a toroidal shape having a center hole. The 
diameter of the center hole of the magnetic core was set 
to approximately 1 28 um This value corresponds to N A 
approximately equal to 0.85 under an environment of 
the thickness of the cover glass of the magneto-optical 45 
disc and the distance between the magneto-optical disc 
facing surface of the coil supporting substrate and the 
magneto-optical disc surface of approximately 30 um 
[0182] On the magnetic core was plated Cu as a thin 
film coil material. The Cu film was etched to a helix, hav- so 
ing a center hole, using the photolithographic technique, 
to produce a thin film coil having a center hole. The inner 
periphery of the helix of the thin film coil was connected 
to the magnetic core so that the thin film coil was con- 
nected to one of the electrodes via this magnetic core. 55 
[0183] The aluminum oxide substrate, carrying the 
magnetic core and the thin film coil, was cut to a preset 
size and mounted on the lens holder along with the for- 



ward lens and the backward lens. The respective com- 
ponents were adjusted to tilt, eccentricity and aberration 
which will give the minimum aberration. 
[01 84] In this manner, the optical components having 
the coil units with the center hole diameter <fr of 200 um, 
300 um 400 ujti and 500 urn were prepared. 

Evaluation 

[0185] The optical devices, thus prepared, were load- 
ed on an optical disc device, on which a 1 0 Gbyte optical 
disc ROM, with a track pitch of 0.5 jim and a pit length 
of 0.17 um/bit, was reproduced. It was found that suffi- 
cient reproducing characteristics were obtained, with 
the jitter being approximately 7%. 
[01 86] The magnetic field generated by the optical de- 
vice, prepared as described above, was measured, as 
the measurement position was changed, under a con- 
dition of constant current consumption. It was found that 
the magnetic field generating characteristics were better 
the smaller the diameter of the center hole of the coil 
unit and that, in particular, the optical device having 
magnetic field generating characteristics set to 200 uin 
was significantly improved in the magnetic field gener- 
ating characteristics over those of the Comparative Ex- 
amples having magnetic field generating characteristics 
set to 300 um 400 [xm and 500 um 
[0187] That is, for obtaining satisfactory magnetic 
field generating characteristics, the diameter of the cent- 
er hole of the coil unit is desirably set to a small value. 
By applying the present invention, the diameter of the 
center hole of the coil unit can easily be set to a smaller 
value. 

[01 88] In addition, it has been found that, as shown in 
Fig. 13, temperature increase can be suppressed signif- 
icantly as compared to the case of using the blue-plate 
glass for the coil substrate (Comparative Examples), as 
demonstrated by measurement of temperature increase 
that occurred in case the current magnitude was 
changed to vary the generated magnetic field. 



Claims 

1 . An optical device for photomagnetic recording com- 
prising: 

light converging means (41 ,42) for converging 
the light illuminated on a photomagnetic record- 
ing layer (2a) of an optical recording medium 
(2) ; and 

magnetic field generating means (46) provided 
on said light converging means (41 , 42) for fac- 
ing the optical recording medium(2), said mag- 
netic field generating means (46) having a light 
transmitting center hole (47a) for transmitting 
the light converged by said light converging 
means (41 , 42) ; 
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the diameter of light illuminated on the pho- 
tomagnetic recording layer (2a) of said optical 
recording medium (2) being controlled by the 
light transmitting center hole (47a) of said mag- 
netic field generating means (46). 5 

2. The optical device for photomagnetic recording ac- 
cording to claim 1 wherein said magnetic field gen- 
erating means (46) includes a magnetic core (47) 
having a light transmitting hole (47a) in the surface 10 
of said light converging means (41 , 42) facing said 
optical recording medium (2) and a thin film coil (48) 
formed on said magnetic core (47) ; 

the diameter of light illuminated on the pho- 
tomagnetic recording layer (2a) of said optical re- '5 7. 
cording medium (2) being controlled by the light 
transmitting hole (47a) of said magnetic field gen- 
erating means (46). 

3. The optical device for photomagnetic recording ac- 20 
cording to claim 1 wherein said light converging 
means (41, 42) includes a plurality of lenses ar- 
ranged on the optical path of the light illuminated on 

the photomagnetic recording layer of said optical re- 
cording medium (2). 2s 

4. The optical device for photomagnetic recording ac- 
cording to claim 1 wherein the diameter of said light 8. 
transmitting hole (47a) of said magnetic field gen- 
erating means (46) is not larger than 200 um 30 

5. An optical head device comprising: 

a laser light source for radiating laser light to- 
wards a photomagnetic recording layer (2a) of an 
optical recording medium (2) ; and an optical device 35 
according to anyone of claims 1 to 4. 

6. A recording and/or reproducing apparatus compris- 
ing: 

40 

rotationally driving means (3) for rotationally 
driving an optical recording medium (2) having 
a photomagnetic recording layer (2a) ; 
a light source for radiating the light towards a 
photomagnetic recording layer (2a) of said op- 45 9. 
tical recording medium (2) ; 
an optical device (25) arranged on the optical 
path of the light radiated from said light source, 
light receiving means for receiving the light re- 
flected back from the photomagnetic recording so 
layer (2a) of the optical recording medium (2) ; 
and 10. 
a signal processing circuit (5) for generating 
preset signals based on the return light re- 
ceived from the light receiving means; 55 
said optical device (25) including light converg- 1 1 . 
ing means (41, 42) for converging the light illu- 
minated on a photomagnetic recording layer 



(2a) of an optical recording medium (2) ; and 
magnetic field generating means (46) provided 
on said light converging means (41 , 42) for fac- 
ing the optical recording medium (2), said mag- 
netic field generating means (46) having a light 
transmitting center hole (47a) for transmitting 
the light converged by said light converging 
means (41 , 42) ; 

the diameter of light illuminated on the pho- 
tomagnetic recording layer (2a) of said optical 
recording medium (2) being controlled by the 
light transmitting hole (47a) of said magnetic 
field generating means (46). 

The recording and/or reproducing apparatus ac- 
cording to claim 6 wherein said magnetic field gen- 
erating means (46) includes a magnetic core (47) 
having a tight transmitting hole (47a) in the surface 
of said light converging means (41 , 42) facing said 
optical recording medium (2) and a thin film coil (48) 
formed on said magnetic core (47) ; 

the diameter of light illuminated on the pho- 
tomagnetic recording layer (2a) of said optical re- 
cording medium (2) being controlled by the light 
transmitting hole (47a) of said magnetic field gen- 
erating means (46). 

An optical device for photomagnetic recording com- 
prising: 

an objective lens (41 , 42) for converging the 
light illuminated on the photomagnetic record- 
ing layer (2a) of an optical recording medium 

(2); 

a coil supporting substrate (44) formed by a 
member having a thermal conductivity higher 
than that of the objective lens (41 , 42), said coil 
supporting substrate (44) being provided to- 
wards the optical recording medium (2) of said 
objective lens (41, 42) ; and 
a thin film coil (46) formed on a surface of said 
coil supporting substrate (44) facing said opti- 
cal recording medium (2). 

The optical device for photomagnetic recording ac- 
cording to claim 8 wherein said objective lens (41 , 
42) includes a plurality of lenses arranged on the 
optical path of the light illuminated on the pho- 
tomagnetic recording layer (2a) of said optical re- 
cording medium (2). 

The optical device for photomagnetic recording ac- 
cording to claim 8 wherein said coil supporting sub- 
strate (44) is formed of aluminum oxide. 

An optical device for photomagnetic recording com- 
prising: 
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a plurality of lenses (41 , 42) arranged on an op- 
tica! path of light illuminated on a photomagnet- 
ic recording layer (2a) of an optical recording 
medium (2) ; 

one (41 ) of said plural lenses arranged towards 
the optical recording medium (2) being formed 
by a member having a thermal conductivity 
higher than that of the other lenses (42) ; and 
a thin film coil (46) arranged on a surface (41a) 
of the lens (41 ) arranged towards the optical re- 
cording medium (2) facing the optical recording 
medium (2). 

12. An optical head device comprising: 

a laser light source for radiating laser light to- 
wards a photomagnetic recording layer (2a) of an 
optical recording medium (2) ; and an optical device 
according to anyone of claims 8 to 1 0. 

1 3. A recording and/or reproducing apparatus compris- 
ing: 

rotationally driving means (3) for rotationally 
driving an optical recording medium (2) having 
a photomagnetic recording layer (2a) ; 
a light source for radiating the light towards a 
photomagnetic recording layer (2a) of said op- 
tical recording medium (2) ; 
an optical device (25) arranged on the optical 
path of the light radiated from said light source, 
light receiving means for receiving the light re- 
flected back from the photomagnetic recording 
medium (2a) of the optical recording medium 
(2) ; and 

a signal processing circuit (5) for generating 
preset signals based on the return light re- 
ceived from the light receiving means; 
said optical device (25) including 
an objective lens (41, 42) for converging the 
light radiated from said light source; 
a coil supporting substrate (44) formed by a 
member having a thermal conductivity higher 
than that of the objective lens (41 , 42), said coil 
supporting substrate (44) being formed on the 
side of the objective lens (41 ) facing the optical 
recording medium (2) ; and 
a thin film coil (46) formed on a surface of the 
coil supporting substrate (44) facing the optical 
recording medium (2). 

14. The recording and/or reproducing apparatus ac- 
cording to claim 1 3 wherein said 

coil supporting substrate (44) is formed of aluminum 
oxide. 

15. A recording and/or reproducing apparatus compris- 
ing: 



rotat tonally driving means (3) for rotationally 
driving an optical recording medium (2) having 
a photomagnetic recording (2a) ; 
a light source for radiating the light towards a 

5 photomagnetic recording layer (2a) of said op- 

tical recording medium (2) ; 
an optical device (25) arranged on the optical 
path of the light radiated from said light source, 
light receiving means for receiving the light re- 

10 fleeted back from the photomagnetic recording 

layer (2a) of the optical recording medium (2) ; 
and 

a signal processing circuit (5) for generating 
preset signals based on the return light re- 

1$ ceived from the light receiving means; 

said optical device (25) including 
a plurality of lenses (41 , 42) arranged on an op- 
tical path of light radiated from said light source; 
one (41 ) of said plural lenses arranged towards 

20 the optical recording medium (2) being formed 

by a member having a thermal conductivity 
higher than that of the other lenses; and 
a thin film coil (46) arranged on a surface (41a) 
of the lens (41 ) arranged towards the optical re- 

25 cording medium (2) facing the optical recording 

medium (2). 

16. The recording and/or reproducing apparatus ac- 
cording to claim 1 5 wherein said coil supporting lens 

30 (41 ) is formed of aluminum oxide. 

1 7. An optical device for photomagnetic recording com- 
prising: 

35 light converging means (41 , 42) for converging 

the light illuminated on a photomagnetic record- 
ing layer (2a) of an optical recording medium 
(2) ; and 

magnetic field generating means (46) provided 
40 on the side of the light converging means (41 , 

42) facing the optical recording medium (2) ; 
said magnetic field generating means (46) in- 
cluding a thin film coil (48) and an electrically 
conductive magnetic core (47) connected to 
45 said thin film coil (48), a driving current being 

sent via said magnetic core (47) to said thin film 
coil (48) to generate a magnetic field of a preset 
strength. 

50 1 8. The optical device for photomagnetic recording ac- 
cording to claim 17 wherein said light converging 
means includes a plurality of lenses (41, 42) ar- 
ranged on the optical path of the light illuminated on 
the photomagnetic recording layer (2a) of said op- 
55 tical recording medium (2). 

19. The optical device for photomagnetic recording ac- 
cording to claim 1 7 wherein said magnetic field gen- 
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erating means (46) is formed on a transparent sub- 
strate containing aluminum oxide. 

20. An optical head device comprising: 

a light source for radiating light towards a pho- s 
tomagnetic recording layer (2a) of an optical record- 
ing medium (2) ; and an optical device according to 
anyone of claims 17 to 19. 

21. A recording and/or reproducing apparatus compris- 10 
ing: 

rotationally driving means (3) for rotationally 
driving an optical recording medium (2) having 
a photomagnetic recording layer (2a) ; is 
a light source for radiating the light towards a 
photomagnetic recording layer (2a) of said op- 
tical recording medium (2) ; 
an optical device (25) arranged on the optical 
path of the light radiated from said light source, 20 
light receiving means for receiving the light re- 
flected back from the photomagnetic recording 
layer (2a) of the optical recording medium (2) ; 
and 

a signal processing circuit (5) for generating 25 
preset signals based on the return light re- 
ceived from the light receiving means; 
said optical device (25) including 
light converging means (41 , 42) for converging 
the light illuminated on a photomagnetic record- 30 
ing layer (2a) of said optical recording medium 
(2) ; and 

magnetic field generating means (46) provided 
on the side of the light converging means (41) 
facing the optical recording medium (2) ; 35 
said magnetic field generating means (46) in- 
cluding a thin film coil (48) and an electrically 
conductive magnetic core (47) connected to 
said thin film coil (48) ; 

a driving current being supplied through said *o 
magnetic core (47) to said thin film coil (48) to 
generate a magnetic field of a preset strength. 

22. The recording and/or reproducing apparatus ac- 
cording to anyone of claims 6, 1 3 and 21 wherein 
said light converging means includes a plurality of 
lenses (41 , 42) arranged on the optical path of the 
light illuminated on the photomagnetic recording 
layer (2a) of said optical recording medium (2). 
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